Abstract. Substantial data indicate that oxidative stress is involved in the development of diabetic retinopathy. Two candidate genes that affect the oxidative stress are manganese mitochondrial superoxide dismutase (Mn-SOD) and endothelial nitric oxide synthase (eNOS). The aim of the present study was to examine the role of the V16A polymorphism of the Mn-SOD gene and the 4a/b polymorphism of the eNOS gene in the development of diabetic retinopathy in Caucasians with type 2 diabetes. In this cross sectional case-control study 426 unrelated Slovene subjects (Caucasians) with type 2 diabetes mellitus were enrolled: 283 patients with diabetic retinopathy and the control group of 143 subjects with type 2 diabetes of duration of more than 10 years who had no clinical signs of diabetic retinopathy. A significantly higher frequency of the VV genotype of the V16A polymorphism of the Mn-SOD was found in patients with diabetic retinopathy compared to those without diabetic retinopathy (OR = 2.1, 95% CI = 1.2-3.4; p = 0.006), whereas the 4a/b polymorphism of the eNOS gene failed to yield an association with diabetic retinopathy. We may conclude that the VV genotype of the V16A polymorphism of the Mn-SOD gene was associated with diabetic retinopathy in Caucasians with type 2 diabetes, therefore it might be used as a genetic marker of diabetic retinopathy in Caucasians.
Introduction
Substantial data indicate that oxidative stress is involved in the development of diabetic retinopathy [1, 13, 15, 17] . Oxidative stress is the result of an imbalance between the amount of reactive oxygen species (ROS) and the capacity of antioxidant defense systems. Increased ROS levels can affect the redox status, and an overall oxidative milieu tends to increase protein phosphorylation and favour cell proliferation [1] . The most common ROS in the cell is the superoxide radical, which is produced during oxidative phosphorylation within mitochondria. A key enzyme in antioxidant defence systems is manganese mitochondrial superoxide dismutase (Mn-SOD), which catalyses the removal of superoxide radicals at the site of production, the matrix side of the inner mitochondrial membrane. A number of polymorphisms in this sequence have been described, but only the A16V has been demonstrated to have a functional significance [11, 26, 27] . In fact, the protein encoded by the Val (V) allele, which disrupts the alpha -helix structure, is retained at the level of the mitochondrial inner membrane and has been associated with a 30-40% lower activity and increased susceptibility to oxidative stress [27] . The V16A polymorphism of the Mn-SOD gene may therefore cause interindividual differences in Mn-SOD protein localization. Additionally, large interracial differences in the allele frequency have been reported [6, 11, 19, 24, 27] .
Another candidate gene that affects oxidative stress is endothelial nitric oxide synthase (eNOS). Nitric oxide (NO) production has been reported to be affected by environmental and genetical factors [8, 20, 23, 28] . A number of polymorphisms of the eNOS gene have been described, and a 27 base pairs (bp) repeat in the intron 4 of the eNOS gene (eNOS 4a/b) has been demonstrated to have a functional significance [23, 28] . NO production has been reported to be affected by the presence of high glucose concentrations [8, 20] . Moreover, the availability of biologically active NO in a given tissue depends not only on the rate of its production, but also the rate of its inactivation by superoxide [5, 12, 21] . However, excess production of ROS determined by environmental factors (high glucose concentrations) and genetic polymorphisms results in oxidative stress, cytotoxicity and tissue damage [8, 20, 30, 32] .
The aim of the present study was to elucidate the role of the V16A polymorphism of the Mn-SOD gene and the 4a/b polymorphism of the eNOS gene in the development of diabetic retinopathy in Caucasians with type 2 diabetes.
Patients and methods
In this cross sectional case-control study 426 unrelated Slovene subjects (Caucasians) with type 2 diabetes mellitus with a defined ophthalmologic status were enrolled. Patients were classified as having type 2 diabetes according to the current American Diabetes Association criteria [29] . Subjects were recruited from the Eye Clinic and from the Diabetic Outpatient Clinic of the University Medical Centre Ljubljana between January 2002 and April 2007.
Fundus examination was performed by a senior ophthalmologist (M.P.) after pupil dilatation (tropicamide and phenylephrine 2.5%) using slit lamp biomicroscopy with non-contact lens, and was electronically documented with a 50
• -angle fundus camera (Topcon-TRC 40-IX; Tokyo, Japan). Staging of diabetic retinopathy was determined according to the ETDRS retinopathy severity scale [14] .
The study group consisted of 283 patients with diabetic retinopathy: 205 subjects with proliferative diabetic retinopathy (new vessel formation and/or fibrous proliferation with or without vitreous hemorrhage) and 78 subjects with non-proliferative diabetic retinopathy (microaneurysms, retinal hemorrhages, hard exudates) [14] . The control group consisted of 143 subjects with type 2 diabetes of duration of more than 10 years who had no clinical signs of diabetic retinopathy.
To avoid the confounding effect of impaired kidney function, the patients with overt nephropathy were not enrolled. The study was approved by the national medical ethics committee. After an informed consent for participation in the study was obtained, a detailed interview was made.
The V16A polymorphism of the Mn-SOD gene was evaluated by RFLP, using the primers: P1: 5'-CAG CCC AGC CTG CGT AGA CGG -3' and P2: 5'-CTT GGC CAA CGC CTC CTG GTA CTT-3', and the BsaW1 restriction enzyme as described by Degoul et al. [11] . The eNOS 4a/b gene polymorphism was analyzed as described previously [22, 33] .
Genotyping was performed by two researchers (I.C., D.P.), blinded to the retinopathy status of the patients. Chi-square test was used to compare discrete variables. Continuous clinical data were compared by unpaired Students t test. In addition, all variables that showed significant differences by univariate methods (chi-square test, unpaired Students t test) were analysed together in a logistic regression analysis.
Assuming the significance level of 0.05, frequency of risk allele of 0.161 in the control group and of 0.283 in the retinopathy group, we calculated the power of our study sample (283 cases, 143 controls) to be 80%. Statistical analysis was performed using the SPSS program for Windows version 14 (SPSS Inc. Illinois).
Results
The characteristics of the cases and control subjects are listed in Table 1 . Cases had earlier onset of diabetes and longer duration of type 2 diabetes compared to the diabetics without diabetic retinopathy. Additionally they had higher incidence of insulin herapy than the controls (diabetics without diabetic retinopathy). Additionally they had lower total and HDL cholesterol levels than the controls. There were no significant differences in hypertension, smoking, LDL cholesterol levels and triglyceride levels between the cases and control subjects. The V16A Mn-SOD genotype distribution and the 4a/b eNOS genotype distribution in cases and controls did not depart from Hardy-Weinberg equilibrium significantly (V16A: cases χ 2 = 0.014, p = 0.91; controls χ 2 = 0.002, p = 0.97; 4a/b eNOS: cases χ 2 = 0.85, p = 0.35; controls χ 2 = 0.55, p = 0.56). The frequencies of the genotypes of the V16A polymorphism of the Mn-SOD gene and of the 4a/b polymorphism of the eNOS gene are shown in Table 2 ; a significantly higher frequency of the Val/Val (VV) genotype was found in patients with diabetic retinopathy compared to subjects without diabetic retinopathy (OR = 2.1, 95% CI = 1.2-3.4; p = 0.006).
We compared the frequency of genotypes and alleles between cases and controls ( Table 2 ). There was no significant difference in the frequency of 4a/b eNOS genotypes and alleles between the two groups.
The variables that showed significant differences by chi-square test and unpaired Students t test (the VV genotype of the V16A polymorphism, insulin therapy, duration of diabetes, age of onset of diabetes) were analysed together in a logistic regression analysis. In the logistic regression models ((first model -VV genotype vs. AA plus AV genotypes; second model -VV genotype vs. AA genotype) the VV genotype of the V16A polymorphism was independent risk factors for Table 3 Adjusted odds ratios for risk factors for diabetic retinopathy.
Risk factors
Odds ratio (95% CI) P VV genotype 1 1. diabetic retinopathy, whereas the AV genotype was not an independent risk factor for diabetic retinopathy (Table 3).
Discussion
The present study provides evidence that the VV genotype of the V16A polymorphism of the Mn-SOD gene might be a risk factor for diabetic retinopathy in the Slovene population (Caucasians) with type 2 diabetes, whereas the 4a/b polymorphism of the eNOS gene is not. Our findings are in accordance with some reports demonstrating an association of the V16A polymorphism of the Mn-SOD gene with microvascular complications of diabetes [6, 24] . Nomiyama et al. [24] have reported an association between the V16A polymorphism of the Mn-SOD gene and diabetic nephropathy in Japanese type 2 diabetic patients. The frequency of the VV genotype was significantly higher in patients with diabetic nephropathy (84.1% in subjects with macroalbuminuria and 84.8% in subjects with microalbuminuria) in comparison with subjects with normoalbuminuria (70.8%). Chistyakov et al. [6] have reported an association between the VV genotype of the V16A polymorphism and diabetic neuropathy (15.9% in subjects with neuropathy and 2.4% in subjects without neuropathy), whereas the Mn-SOD allele frequency did not differ between Russian type 1 diabetic and nondiabetic subjects. Strokov et al. [34] have also reported an association between the VV genotype of the V16A polymorphism and diabetic neuropathy in Russian type 1 diabetic and nondiabetic subjects (20.3% in subjects with neuropathy and 5.5% in subjects without neuropathy). In a very recent report the V16A polymorphism of the Mn-SOD gene has been associated with diabetic macular edema in Korean type 2 diabetic patients, but not with either the development of diabetic retinopathy or the progression of diabetic retinopathy [19] .
The retina is particularly susceptible to oxidative stress because of its high consumption of oxygen, high proportion of polyunsaturated fatty acids, and exposure to visible light [3] . Oxidative stress can influence the expression of multiple genes, including signalling molecules; overexpression of these genes may cause mitochondrial dysfunction and peroxidization of the lipid and protein structure, which induce a variety of cellular dysfunctions leading to retinopathy [7, 16, 18] . Kowluru et al. [17] have recently investigated the effect of overexpression of the Mn-SOD gene on glucose-induced retinal endothelial cell oxidative stress, nitrosative stress, and apoptosis. They have demonstrated that Mn-SOD over-expression prevented a glucose-induced increase in oxidative stress and apoptosis of retinal endothelial cells suggesting a protective role of Mn-SOD in the pathogenesis of diabetic retinopathy [17] . Additionally, large inter-racial differences in the allele frequency have been reported so far, and only few studies enrolled general population in Caucasians [4, 6, 11, 19, 24, 31] . The frequency of the V allele in general population is around 0.50 in Caucasians [4, 6, 31] .
Plasma nitric oxide metabolite levels of subjects with the aa genotype of the 4a/b eNOS polymorphism are significantly lower when compared with those of individuals without the aa genotype (ab genotype plus bb genotype) [30] . In the study, however, we did not find an association between the aa genotype of the 4a/b eNOS polymorphism and diabetic retinopathy. The results of our study are in accordande with a casecontrol asociation study performed in Japanese population and in Caucasian population [2, 28] . In both studies they failed to demonstrate an association between the aa genotype and and diabetic retinopathy [2, 28] . In French study, however, an association between the bb genotype and diabetic retinopathy was reported [2, 28] .
Our results increase the knowledge of genetic risk factors for developing diabetic retinopathy in type 2 diabetes. It seems, however, that the retinopathy cases had more severe form of type 2 diabetes in comparison with diabetics without diabetic retinopathy, i.e. cases had earlier onset of diabetes, longer duration of type 2 diabetes and higher incidence of insulin herapy compared to the diabetics without diabetic retinopathy. Our findings are in accordance with UKPDS 22 and 50 studies that demonstrated importance of earlier onset of diabetes and longer duration diabetes [35, 36] . Moreover, insulin therapy was independently of the V16A gene polymorphism statistically significantly associated with diabetic retinopathy. This finding suggests the existence of other factors such as differences in the ability of insulin secretion, or differences in the frequency of episodes of hypoglycemia, or adverse events associated with insulin therapy (hypoglycemia, worsening diabetic retinopathy if HbA 1c decreases rapidly) [9, 10, 25] .
Further studies enrolling larger numbers of patients from different populations are needed to confirm our findings. Namely, genetic association studies are prone to beta statistical error and population-specific genotype effects, all of which make the results difficult to reproduce. In fact, the calculated power of our study for the MnSOD polymorphism was 80% taking into account the size of our study sample, and the frequencies of risk allele in cases and controls.
We may conclude that the VV genotype of the V16A polymorphism of the Mn-SOD gene might be a risk factor for diabetic retinopathy in the Slovene population (Caucasians) with type 2 diabetes and may be used as a genetic marker of diabetic retinopathy in Caucasians. Understanding the role of the Mn-SOD gene to modify the course of retinopathy could elucidate important molecular targets for future pharmacological interventions [17] .
